July 27, 1949.
Dear Cavalli: - o

Firat, lat me thank you for your kindness in sending the Hfr strains,
which arrived about a week ago in excellent conditlon. For ccavenience,I
will refer to your "$8-161 Ky* [Hfr]" as W-1033. ,

As you may imagine, I have haatened to try to conflrm your fdndings, '
and to a considerable extsnt have done so. My earlier "kinetical" experiments
were conducted in deep minimnl agar. I now compared 58-1@1 with W=1033 at various
cell densities spread with a ocnstant excess (ca. 3 x 10°) of W-677 on minimal
agar + By. I was surprised to f£ind that under these conditions, even 58-161
glves aordinarily high ylelds of prototrophs: ’
| 58-161 w1033 [ X W-677]

=10g dilution
lml= 109 0 1000+ “‘Bewe .
3 un 1000+
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58-161 does not seem %o give a linear cutoff, but one can adjudge that
W-1033 13 roughly 100x as efficacious. These quantitative experiments ars,of
course, largely vitiated by the formation of microcoloniss whose slze probably
varies inversely with the demsity of inooculation. However, this may depend a
great deal on the quality of agar used, and on the chemical purity of the
reagents. Howbeit, I still have not appreached an efficacy of prototroph for-
mation of the order of 10%-100% as you achisved. From these experiments, also,
I could not conclude that the difference between 58-161 and W-1033 related
specifically to sexual potency. Wel033 might merely give larger microcolohies
as a result of syntrophic efficacy, or might bs more motile. However, stimulaged
by your findings, I have tried another approach which has given astonishing  °
results. Earlisr, I had tried to gee whether complementary segregants could not
be identified by conducting "crdsses” not a selective minimal, but on am indi-
cator complete medium., For axample, I grew Laci- and Lacy-,(each of which is
lactose negative, but which recombine readily to give Lac#,)tohethar in a complet
modium, then plated cut large numbers of cells on EMB lactose to look for any
sectors of Lac+, I did not find any with previcus stocks, but decided to ses whet
recombination with Bfr was so frequent that growth-selection might be dispensed
with. The material first available was W=1033 itself, which 1s Lac+, 80 a slightl
different approach was trisd. W-1033 was incculated heavily with W=677 into
Parnassay broth, and then after 24~48 h, the mixture was diluted and plated on -
variocus EUMB agars. The colonles were then tested on other sugars to look for

ossible recombinations of fermentative character. One such experiment is tabulat
W-1033 + W=677] plated on Xyl EMB. 44 Xyl+ coloniea tested on Mal EMB. 39 - -
were Mal+ (parental); 5 were Mal- (recomb.) Similarly, of 35 Xyl-, 34 Mal- (par.)
and 1 Mal+ (rec.) The akx apparent recombinants were then thoroughly dlagnosed: .
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Culture Lac Mal Xyl -~ Gal Mhl Vl_ Nutr.

W77 - - - - - r TLB% : ) o
W=-1033 + + + + + 8 X [B] B not scored throughcut
b 8 + - + - . - r L ‘

2 - - + - + 8 i

5 - - + + + r L

6 - + - - - ' TL%.

Thus there were 6 recombinants with respect to Xyl and Mal out of 79 tests!
And what a wealth of material! ‘ .

If any of these melectiocns are Hf» (and I have preliminary indications that some are’
they will provide excellent material for another technique cf selsction, namely

the use of ElB-two sugars. For example, i1f one parent is Lac+Mal- and the other
Lac-ifal* then both perents will give a pure + rezcpicn on EiB-!Lac+ilal]. However,
recombinants may be Lac-al= and give a - reaction. I am especiallpy interested

tc use this tochnijue to find sectored ccloniss which may represent the segregation
of single aygote cells. To this end, I have also irradiated 7~1033 (and it appears
as expected to be socmewhat resisiant to uv) and have picked up six new lactose~
nezatlive mutants. Gne 13 Lac,~, and Ismay hope thad ona cr morz of the others is
also distinct from I.acl-, which would allow platinug on B Lac to lcok for Lac+
recombinants as mentlonsd above. I have yat to re-stucy 58-161 from the viewpoint
of Tup. 587C abdive, bub myspast experienve does not readily admit of ths possibility
that 1t will behave in a similar manner. To my mind, this kind of evidence would
cliach the comeluslon that in HUr you truly have izolated a more sexnally active
straln. The hizh freguency of reccmbinants also strongly heightens the possibility
that the sexual fuslon may be cytcliogically damenstiabla, for which project you
certainly carry my best wishes. I have also Just crossed 1033 into Het stocks and
isolated some Lacy diploids. Fronm this aaterial also, 1t should be possible to
salect good HEr siralns %0 pursue ocur lavestigations. I will send you whatewer
matarial comes to hand that mizht be usaeful. _

Just now, your letier has bean received. Thank you for enclosing the 4SS. May I
recuest, Pirst of all, that any referance %o the diacovery of rscombination include
Professor E. L. Tatum, whose rols in the Iinitistion of the work &s not ademuately
indicatddzeven by his Jolnt authovship on some of the papars.

Tour latter gawe some detalled data on %1033 x W=677 which is not in zood agreefment
with mine. E.G., 2.5 x 10° ¥583 + 2 x 10° T032 gove 510 prototrophs in your ex-
perinent, but only 2 (caloulated) 2 in mine. The thiamin azar plates I used were

not mors than 2 day old, and quite moist. I don't beliovs that thse diffarence can

pe a matter of straln, baut 1% is concelvsbls., I do not notice in yomr MS any refersnc
4o a comparison of $3-181 with Hf» like that on the first page of thel letter, I
would be exhremely interested %o learn whetherbyou have found as high an efficiency
as I did with 58-16L. Plnally, it may be sugrested that all present 58-161 cultures
ars heterogenecus for Hfr. It mizht be worthwhile to establish a number of aingle
colony subcultures amd examire thsir varicnce in prototroph production, I've done
this once without interasting result (Cf. pe 519 Genetics 1947)3 but it might well
be repeated. It was extrerely gratifying 4o note the e¢lose coincidenca in many
detalls beiween our data on various segregations.One always has an uneasy foeling
about the reproducibility of results in another's hands. . .

I do not think that the dlacrepancles in my obssrvations on Hfr are especlally im~
portant, but they mizht be worth some further inspection. Your comment on the effact
of Xvomxitx loucine (£iz. 1) is readily exclalned: most samples are fairly heavily
contakhnated, especially with methionine. This i1s usually quite apparent on the plate
because the background growth is much heaviar. I have never used frequency of proto~
trophs as an index of crossing-over, except qualitatively with B;.



No lass interesting is the discovery of a coll strain which can cross with K-12,
I think that itiwould be especially interesting to ascertaln the nature of the
genic differenves between such strains, and in particular the genic deterdination
of the serologlcal distinctions betweea them. Kanffmann, ln Copenhagen, has rather
thoroughly worked cut the serology of the coll group, and I astrongly recommend that
you send him the parcntal and a mumber of reccmblnant, cultures for serologlecal
fomparison. I have been locking for some tlme for other crossabls strains, both in
coli and in Salmonella, and even resorted 4c the use of "noturel™ mutritional
deficiencies in the latter. However, I have come to the conclusion that with the
seloctive methods ncw available, especially tha penfcillin methed. 1t is more
econcalcal ia the long run o start with wqll defined, easily cultivated, strains
and o induce mutants in then. If a short cut is needsd, I think that the use of
drug-resistanca {using several agents) as a selsctor 1s avallable. It has worked
with X-12. In Salmonella, using biochendicsl mmbtants, some meapgre evidence of
recombination in tyrhimrium has been plcked up, but the same peculiarity, the
persistance en bloc of parental eharadters, has plagued vs. Alsc, most Salmonella
ars lysogenic, and mutual lysis, or suicide, has complicated the results cone
- didersbla. It should be msentionzd that a third or mers cof ¢oli strains also carry
latent pheges (K~12 does,for exampla) and that thls must be taken into account y
in intarprsting "recombinations®. However, unless coli 123 1s unesteble Lac+, the
reccvery pf Lac~ protctrophs may be taken as nearly conclusive.

cncerning the oppositionol wharacter of the ffr effact, I am not clsar whetler
the cross of the derived Ar- x Bj-, both of which ars presumably HEr, gave the
sams hizh rate of rescombinaticn.” I.7., how much is "rather high® (p. 10).

As to starting from scratch, we have already done this, ard developed several
new systems of mutents from K-12. To map them all complaetely, however, seams rather
hopeless, however. The rmain question that T hope to answer is whether the segregatic
reculiaritiss of ¥-12 stocks derend on shmeciural heterozygosity, or xinziooex
scrme intrinsic nedtern of meictic instability, That alterations in pattern do ccour
is quits clear from the uniaque sagregation pstierns thmt have lately shown up.

For example, I have a TLB,~ lLac~ lal= segregsnt which when crossed with 58-161
gives over 954 Lac+ ard MEL+, inatead of the evpected axcess of - pecombinants.

You will hear {@»cm o8 again on the eontrola of the comparison of W033.

May you enjoy your vacatlon,
Sincerely,

—

Jnghua Ledearbarz.




